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based either on sili con or carbon, but almost all of which can be characterized as oxides. Many 
of these low-k dielectric materials, particularly those having ultra low dielectric constants of 
k <2.2,haveastabiHtyprobl e m relative to silica in that, upon being exposed to air, they absorb or 
react with water vapor, with a resultant increase in the dielectric constant. The problem is 
particularly acute when a partially fabricated wafer having an exposed low-k dielectric layer is 
moved from one processing platform to another. Not only in most production Unes >s the 
■ dielectric material exposed to air as a wafer bearing cassette is manually moved between 
platforms bat the duration of the exposure can bothbe long and be of varying lengths because of 
variable processing queues and other fabrication*! uncertainties such as work shift changes and 
equipment maintenance and breakdown and repair. 

One conventional fabrication method of fabricating a of a dual-damascene inter-Jevel 
dielectric structure and its metallization will be described with reference to several cross- 
sectional views of the developing Structure. This particular exemplary method is generally 
referred to as "via first" dual damascene. As illustrated in FIG. 1 , a lower-level dielectric layer 
10 possibly of a low-k dielectric material, includes a copper feature 12 recessed in its surface. A 
thin barrier layer 14, also acting as an etch stop layer, and an upper level dielectric layer 16 are 
deposited over the lower-level dielectric layer 10 and its copper feature 12. The barrier layer may 
be formed of ^^(^^^m^l^lmAlS^l^t^^ 
from Applied Materials of Santa Clara, California), carbon rich nitride , silicon carbide, or a 
spin-on dilectric. Exemplary nitride thicknesses are 20 to lOOnm. This layer is generally 
referred to as stop layer 1. Optionally, a second stop layer 1 9 is provided to delineate the bottom 
of the trench- 



Paragraph at page 5, lines 5-10: 



Hereafter, in steps not directly relevant to the invention, copper is filled into the hole, 
preferably by electrochemical plating (ECP). The copper seed layer 34 acts both to nucleate the 
copper dcposiHon and as an electrode for ECP. The dual-damascene structure has the advantage 
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overthe fi eldarea34 at the top ofthe upper dielectric layer 16. Chemical mechanic pohshrng 
(CMP) removes the copper outside the etched hole but stops on the harder oxide on the field area 

34 outside of the trench 26. 




Paragraph at ~ " ' . " 

"^^^^ernbodiment, an integrated process includes etchtag an ox.de layer or a 



barrier and sputtering or 



CVD depositing metal and metal barrier layers on a single mainframe. 
Separate plasma processing chambers are connected to the m ainfi-e through respective slit 
valves allowgthevacuumleve^ 

t levels to be maintained throughout processing of many substrates. 



vacuum 



Paragraph at page 10, lines 14-19: — — 

Various types of plasma etch reactors are commonly used for oxide etchmg and can be 
osedastheplasmaetchreactorlO^ Two exemplary reactors are a magnetically enhanced 
reactor (MERE) and an inductive decoupled plasma reactor. An example of the MERE type * 
the eMAX™ oxide etch reactor available from Applied Materials, while an example of the 
inductive type is the IPS™ oxide etch reactor also av^lab^f^Aro^ M^als. 



Paragraph at p age 12, lines 4-10: - nn , 

Each Qfthe metallizati0 n reactors is selectively isolated trom tS transfer chamber 100 

arespective slit valve to isolate the trar^fer chamber 1 00 f«,m the process environment and ts 
aisopumpedbyaseparaterespectivepumpingsystem. As a result, between the sputter 
operations perform* in the realization chambers, the exposed metal surfaces are not exposed 
t^gmficantoxygenorbun^ 
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on the loading tables 72, 74. 



Four paragraphs at page 13, line 9 to pageH^UneJ^ 



ft* 



~The process may begm with a rr^^tarrple, either to structure of FIG. 1 or 

FIG 9 ^A0,t^^^m l ^^^^^^^^ 1 ^ ,S ^^ d 
m is oriented to step 42. Thereafter, steps 44-48 are performed in chambers that are 
connected to thefixst transfer chamber. These steps are referred to as etching steps 52' which do 
not require the high vacuum levels of the metallization chambers. Again , clean step 50 » shown 
as optional. 

instep 54, the wafer is degassed. The degassmg may be performed in the htgher-pressure 
s^orinasep^telypumpedir^^ 

andtheunderlvingcppcrfeatureareexposed. In step 560, the wafer is transferred from the 
dcgassingsUtiontomese^nd.low-pressuretra.sferchambe, In step 58, the metal barrier* 
deposited and instep 60acopper seed layer is deposited. Steps 58 and 60 for depositing metal 
.bner constitute a lower-pressure sequence 62' performed in reactors associated with the lower- 

pressure transfer chamber. 

Finally, in step 64, the wafer is transferred from the lower-pressure transfer chamber back 

to the load lock, typically through the higher-pressure transfer chamber. 

The staged-vacuum process described above is advantageous in that the dirtier etching 
^ cleaning processes as well as the duty incoming wafer aad its photoresist mask are confined 
to the bigher-pressure transfer system while the sputtering processes, which require a Mgh 
vacuum and the processes in which metal is exposed are isolated in the low-pressure stage. 
Tepman et al. have described a staged-vacuum sputtering platform in U.S. Patent 5,1 86,718. The 
exposure of metal to oxygen canbe further reduced by perfonning the barrio stnp 48 m the low- 
pressure stage 62' rather than the high-pressure stage 52'. 
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^^^^^^^^^^ 

maintained at a pressure below 1 loir. v^diw 
//^ f strong vacuum of the latter, it f 
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U 40 to thoload look, and (he wafer is returned to on, of the cassettes 76, 7S 

T* 0 *er two reactors 128. 130 available or, the high— stage of foe 

^oZacleanet^ 

mo , t ^^„f+^RVBtem including the load locks, the transter 

A controller 132 controls the operanon of the system inciu & 

chambers and other parts of the integrated platform- 



silicon nitride barrier layer remains 



at the bottom of the via hole. Hence, a higher-pressure 



-6- 



Receivedfrom< 650 566 8042 > at 8121/02 3:32:36 PM [Eastern Daylight Time] 



